ABSTIWCT: The copepod Acartia tranten is numerically donunant in Westernport Bay, Australia, while Paracalanus indicus is the most abundant species immediately outside the bay We investigated several aspects of the ecology of these 2 species to attempt to explain why P. indicus was excluded from the bay. Four hypotheses were proposed to explain the distributions on the basis of: (1) feeding; (2) growth and reproduction; (3) predation by A. tranteri; and (4) differential predation by other invertebrates or by fish. Experimental and field evidence was used to reject Hypotheses 1 to 3. Invertebrate predation showed no apparent selectivity, but predation by small, common planktivorous fish was selective. In experiments of 2 designs and with 2 species of fish, P. indicus was preyed upon about twice as much as A. tranteri, at least partly because of differences in escape response. A field experiment confirmed that P. indicus was consumed about twice as fast as A. tranteri, and that the mortality rate was sufficient to produce the observed effect. We hypothesize that visual predation is more important in shallow than in deep waters, resulting in the exclusion of species vulnerable to visual predators. Since the observed bstnbution patterns are common in temperate marine bays and estuaries, the proposed mechanism may also be general.
INTRODUCTION
One of the principal goals of biological oceanography is to understand the distribution, abundance, and diversity of plankton. Interest in diversity patterns in oceanic plankton hasmost often focused on the elevated diversity in gyre waters (McGowan 1974) . Here we consider the reduced diversity commonly observed in the plankton of bays and estuaries (Riley 1967 , Miller 1983 .
The physiological effects of reduced salinity can explain the low diversity in estuaries (Kinne 1967) but not in marine bays, where diversity can also be low (Landry 1978 , Kimmerer & McKinnon 1985 . Alternative explanations for low diversity in marine bays include: thermal stress; high flushing rates from bays; behavior of zooplankton species that reduces transport into or out of bays; poor or variable food supply in bays; and selective predation in bays.
Diversity in bays can be reduced both by the increased absolute (and therefore relative) abundance of resident species and by the reduced absolute abundance of non-resident species (firnmerer & M c l n n o n 198713). Of the mechanisms listed above, only thermal stress and predation would reduce the absolute abundance of non-resident species. High flushing or mixing rates can prevent the formation of resident populations of some or all species (Rogers 1940 , Ketchurn 1954 , Barlow 1955 ), but without net advective flow a behavioral mechanism is required to reduce the absolute abundance of non-resident species. Zooplankton can exert some control over their horizontal position through the interaction of vertical movement with current shear, but this has not been observed to keep non-resident species out of bays (Kimmerer & McKinnon 1 9 8 7~) . Food concentrations in bays are normally higher than in adjacent nentic waters (Paffenhofer & Stearns 1988) , so the species with the highest reproductive rate should become numerically dominant if mortality rates are equal, although other species would not be eliminated.
Predation within a bay could act to reduce diversity in 2 ways. First, if a numerical dominant also preys upon other species, then the absolute as well as relative abundance of the prey should decrease as the abundance of the dominant increases. Second, if speciesselective predators inhabit bays in sufficient abundance to affect the population dynamics of their prey, the species most heavily preyed upon will become less abundant than other species, all else being equal.
A large body of literature attests to the importance of predation in influencing species, sex, and size composition, abundance, morphology, and behavior of freshwater zooplankton (e.g. Brooks & Dodson 1965 , Maly 1970 , Zaret & Kerfoot 1975 , Hall et al. 1976 , O'Brien et al. 1976 , Drenner & McComas 1980 , Warren et al. 1986 ). Much of this knowledge about effects of planktivory has been gained through comparisons of 2 or more sites, which is difficult in marine waters. Still, many of the mechanisms noted above have been observed in marine waters, including selection for size, visibility, or activity (Reeve 1966 , Newbury 1972 , Durbin & Durbin 1975 , Sullivan 1980 , Lonsdale 1981 , Checkley 1982 , Peterson & Ausubel 1984 , Fancett & Kimmerer 1985 . Selection for species is relatively uncommon (for examples see Heron 1973 , Greve 1981 , Jenluns et al. 1984 . Predators in marine and estuarine waters, particularly gelatinous predators, clearly can reduce the abundance of zooplankton prey (e.g. Durbin & Durbin 1975 , Reeve & Baker 1975 , Reeve & Walter 1976 , 1978 , Huntley & Hobson 1978 , Landry 1978 , Kremer 1979 , Lonsdale 1981 , Purcell 1981 , Deason & Smayda 1982 , Cushing 1983 , Alldredge 1984 , Davis 1984 , Feigenbaum & Kelly 1984 , Moller 1984 , Frank 1986 , Rassoulzadegan & Sheldon 1986 . Predation can also affect species composition or distribution through some form of selectivity (Ryther & Sanders 1980 , Lonsdale 1981 , Fulton 1982 , 1984a . In addition, predation appears to be the principal selective force behind at least some vertical migration in marine waters (Hobson & Chess 1976 , Robertson & Howard 1978 , Alldredge & l n g 1980 , Vuorinen et al. 1983 l m m e r e r 1985), and can have a significant impact on prey population dynamics (Landry 1978) .
The purpose of this paper is to present evidence testing hypotheses to explain the observed distributions of plankton in Westernport Bay, Australia, a shallow marine bay near Melbourne; the adjacent Port Phillip Bay was used for comparative purposes. The zooplankton of Westernport Bay is dominated numencally by a morph of Acartia tranten, while that of Port Phillip Bay and adjacent shelf waters of Bass Strait is dominated by Paracalanus indicus and other morphs of A. tranten ( l m m e r e r & M c l n n o n 1985, 1987a, b, c) . The morphs of A. tranten appear to be at least 2 species, effectively distinguishable only by size ( M c a n n o n 1988). In this paper we consider only P. indicus and the medium size class of A. tranten.
Based on horizontal distributions and exchange rates, the Acartia population loses about 0.8 O/O d-' of its juveniles to mixing out of the bay ( h m m e r e r & McKinnon 1987b); adults avoid that loss by vertical migration in synchrony with the tides ( l m m e r e r & M c l n n o n 1 9 8 7~) . Unlike other members of this genus (Landry 1978) , A. tranten does not migrate significantly on a die1 cycle (Fancett & Kimmerer 1985 , a m m e r e r & McKinnon 1 9 8 7~) .
Paracalanus indicus suffers a net mortality of 3.2 % d-' in the bay that is offset by mixing in from the neritic population (Kimmerer & McKinnon 1987b) . In separate experiments, mortality rates of A. tranteri within the bay were found to average 6 O/O d-' for adults and 2 O/O d-' for copepodites, and to be higher in summer than in winter, at least for adults (Kimmerer & M c a n n o n 1987a).
Several differences between the 2 bays may contribute to the differences in species composition: Westernport Bay is shallower, somewhat smaller, and more open to Bass Strait; tidal currents in Westernport Bay are stronger; the water in Westernport Bay is therefore more turbid and contains more detritus; and there are fewer planktonic predators in Westernport Bay ( a mmerer & M c l n n o n 1985). This paper focuses on the differences in the biology of Acartia tranten and Paracalanus indicus that could produce the above differences in rates of gain or loss within the bay. Among the alternative explanations of the observed distributions listed above, that of thermal or salinity stress can be ruled out since the adjacent Port Phlllip Bay has a similar temperature and salinity environment, but does not have a dominant population of A. tranten. Position maintenance is of relatively minor importance because it applies only to adults of A. tranteri (Kimmerer & M c l n n o n 1 9 8 7~) .
The residence time of Westernport Bay is about 2 mo (Kimmerer & M c a n n o n 1987b), so flushing is clearly not an important cause of the differences. We therefore concentrated on those factors that could influence reproductive and mortality rates.
The observed patterns could be explained on the basis of differences between the 2 species in fecundity, development rate, or mortality. We set out a series of hypotheses related to these rates, as follows: (1) Acartia tranteri can maintain a higher feeding rate on phytoplankton than can Paracalanus indicus in water from Westernport Bay; (2) A. tranteri can maintain a higher reproductive, growth, or development rate than P. indicus in water from Westerport Bay, relative to their respective rates in water from Port Phillip Bay; (3) predation by A. tranteri on nauplii of P. indicus is sufficient to explain the difference in net mortality rates; and (4) predation by other specles, either plankton or fish, is heavier on P. indicus than on A. tranteri, and sufficient to produce the observed differences.
The feeding hypothesis (1) would not provide an --- Tidal creek samphng Consun~ption rates and relative loss rates of the 2 copepods in a tidal creek 4
Fish gut content analysis Difference in predator selectivity on the copepod species explanation for the observed pattern, but was included because to some extent feeding rate controls both fecundity and development rates, and because the food environment of the 2 bays was clearly different. Each of the remaining hypotheses as stated would be a necessary but insufficient condition for producing the observed patterns by the mechanism stated. Conversely, falsifying one or more of these hypotheses eliminates that factor as a possible cause. Our data are consistent only with Hypothesis 4 , and suggest that predation by visually selective planktivores is the most important factor affecting the species composition of the zooplankton of Westernport Bay. Table 1 lists the experiments and field sampling efforts described here with the hypothesis being tested and the objective of each experiment. Westernport Bay has been described in our previous reports ( I m m e r e r & McKinnon 1985 McKinnon , 1987a . Data to characterize the particulate matter of the 2 bays were obtained using water samples taken about twice monthly during 1984. Surface samples were collected in the eastern arm of Westernport Bay near Stn G ( I m m e r e r & McKinnon 198713) and at Stn K in Port Phillip Bay (Kimmerer & M c l n n o n 1985). Analyses included total and > l 0 vm chlorophyll determined by in vitro fluorescence of filtered samples (GF/C) in acetone (Strickland & Parsons 1972) ; and seston dry weight, determined by weighing tared filters on which seston from 100 to 500 m1 had been collected and dried at 60°C for 2 d. In addition, on several occasions we San~pling site for tidal creek field experiment. X marks sampling location, and the inset shows the locabon in Westernport Bay (see Kimmerer & McKinnon 1987b) collected whole water samples for identification of the dominant phytoplankton species. Samples were reduced to a small volume using a continuous flow centrifuge (R. Wetherbee pers. comm.), and the concentrate was examined using phase contrast micros-COPY.
METHODS
Except where noted, zooplankton samples were taken near Stn G in Westernport Bay (Kimmerer & M c l n n o n 1987b; Fig. 1 ). Zooplankton for fish predation experiments were collected in a small inlet at the north end of the bay. Paracalanus indicus and water from Port Phillip Bay were taken at Stn K (Kimmerer & McKmnon 1985) . Zooplankton collections were made using 50 to 250 pm mesh nets towed as gently as possible immediately below the surface. Plankton samples were diluted to 20 1 of surface seawater in insulated buckets for transport to the laboratory. Experiments were run in a constant temperature room at a temperature and 1ight:dark cycle close to those in the bays. Containers used to handle or incubate animals were cleaned with strong detergent (Decon 90) and rinsed 3 times each with tap water, distilled water, and with ambient seawater just before use. Phytoplankton used in experiments were maintained in log-phase batch cultures under the same Light and temperature regime as in the experiments.
Feeding experiments. In one series of experiments we determined the size ranges of particles consumed by the 2 species of copepod for comparison with ambient size distributions. Ten to 20 copepods were incubated in 250 m1 bottles for 24 h on a wheel rotating at 1 rpm. The medium was bay water with or without phytoplankton added, or filtered seawater with phytoplankton added. Triplicate particle counts were made on each of 3 or 4 replicate bottles using a Coulter Counter Model TA-I1 with a 70 pm orifice tube. Differences between concentrations of particles in control and experimental containers for each channel were tested for significance with Student's t-tests.
Radiolabel experiments were conducted by adding small amounts of Tetraselrnis chui from labeled batch cultures in log phase to experimental containers. T. chui is a 20 X 10 pm flagellate that is readily consumed by both species. The goal of these experiments was to determine whether the feeding rate of either species on the labeled phytoplankton was suppressed by the presence of alternative particles, primarily detritus, in the Westernport water. The experiments were of a 2 X 2 factorial design: the 2 copepod species were incubated in Westernport Bay water and either Port Phillip Bay water or filtered seawater.
Adult female copepods were maintained overnight in the seawater in which they were to be incubated. Ten to 25 copepods were dispensed into 250 m1 beakers of seawater freshly strained through a 50 pm mesh. After 1 h to allow copepods to acclimate, small amounts of the labeled phytoplankton were pipetted into each beaker. After an incubation period of 40 to 120 min in the dark, the copepods were strained from the water, rinsed, killed with a 5 O/ O solution of glutaraldehyde in seawater, and rinsed again in filtered seawater. Groups of 5 to 10 indimduals were immediately picked out and placed in liquid scintillation vials containing 1 or 2 m1 of NCS tissue solubilizer, incubated overnight at 45 "C to dissolve tissue, and counted on a Packard Tri-Carb liquid scintillation counter. Initial activities were determined from similar counts on copepods removed immediately after the addition of labeled phytoplankton. Counts on filtered subsamples of the labeled phytoplankton were used to calculate volume cleared by the copepods.
Egg production, growth, and development rates. Copepods were collected the day before each egg production experiment and kept overnight for acclimation in water from each bay. Water was strained through 35 pm mesh to remove eggs and nauplii, and placed in 250 m1 glass reagent bottles or 4.5 1 plastic bottles. Adult female copepods were sorted under a dissecting microscope and transferred to the incubation containers; we used no more than 10 copepods per large container, or 5 for the smaller containers. After 24 h incubation on a wheel rotating at 1 rpm, copepods were strained from the water and preserved for counting of adults, eggs, and nauph. The 2 species were incubated either in the same bottles or separately. A single time-series experiment revealed that overnight acclimation was sufficient to bring egg production rates to steady state.
Growth and development rate experiments were conducted by incubating an 'artificial cohort' of each species in situ for ca 48 h in Westernport Bay (Kimmerer & Mcknnon 1987a). Two such experiments were conducted using both species and water from both bays.
Predation b y Acartia tranteri. To test Hypothesis 3 we compared the rate of predation by adult females of A. tranteri on nauplii of Paracalanus indicus with observed growth and reproductive rates. In the first experiment we incubated adults of P. indicus together w t h 0 to 24 adult female A. tranteri in 250 m1 glass reagent bottles for 2 d. After incubation samples were preserved in 2 '10 formaldehyde, and the adults and nauplii of both species were counted. The clearance rate of adult A. tranten was determined by fitting an exponential curve to the number of eggs of P. indicus as a function of numbers of A. tranteri. The equation used was:
where E, P, and A = concentrations (I-') of eggs and nauplii, P. indicus females, and A. tranten, respectively; f = fecundity (eggs female-Id-'); c = clearance rate (1 d-l) of A. tranteri; and T = duration of the experiment (d). In the other 2 experiments we collected nauplii of P, indicus (mainly stages 2 to 4) from Port Phillip Bay with a 50 kim mesh net. These were incubated for 24 h in lots of 10 to 30 in 250 m1 bottles with 0 to 10 A. tranten females.
Predation by other species. Other planktonic predators used were the copepod Tortanus barbatus, collected from Port Phillip Bay, and the scyphomedusa Catostylus mosaicus from Westernport. Although T.
barbatus is rare in Westernport Bay, we used it as a model predatory copepod, since there are few wholly predatory copepods in the bay. A single predation experiment using T. barbatus was conducted by incubating 0 to 3 predators and 5 copepodites of each of the 2 prey species in 250 m1 bottles for 24 h on the rotating wheel.
Catostylus rnosaicus is moderately common at times in upper Westernport Bay, and preliminary gut content analysis revealed that it preyed on copepods of the size of the 2 species under study. Predation experiments using the jellyfish were run on 3 occasions by adding a mixture of Westernport and Port Phillip plankton to 20 1 aquaria containing a single medusa (5 to 6 cm bell diameter) in filtered seawater. The plankton added was first split to provide a pair of zero-time samples and 1 or 2 experimental samples. Following incubations of up to 14 h the remaining prey were strained out of the water and preserved for later counting. Controls were not used, but tests of recovery after incubation revealed that over 95 % of the plankton were recovered.
Fish predation experiments were conducted using juvenile yellow-eye mullet Aldrichetta forsteri or hardyhead Athennosoma sp. Fish were collected a few days before each experiment by beach seining or dip netting in Westernport Bay, and maintained in 10 1 aquaria on a diet of natural plankton. Several kinds of experiments were run, all in 10 1 rectangular aquaria under dim room light. In the first, 1 or 2 starved fish were kept in aquaria containing filtered seawater. Equal numbers (10 to 20) of each species of copepod were added and the water was agitated with a bubbler to prevent the copepods from congregating in any part of the aquarium. Observations of each species separately in aquaria without fish revealed no tendency to aggregate. Fish were allowed to feed until a number of strikes was observed equal to half the number of copepods; then the fish were dipped out and rinsed, and the remaining copepods strained out of the water and counted. Experiments without fish usually yielded l00 O/O recovery. When on some occasions fish refused to feed for more than 10 min the experiment was aborted. These experiments were run on 4 dates in early 1984 for yellow-eye mullet and 5 for hardyhead. Results were tested for significance by contingency chisquare tests. Chi-square values for heterogeneity among experiments were not significant, so w e pooled results from all dates for each predator.
To assess the importance of escape response of the 2 copepod species we presented individual fish with one species of prey at a time, counted the strikes, and determined the success rate (number capturedhumber of strikes) on each species of copepod. Data from several dates were pooled for these experiments because heterogeneity chi-square values were not significant. In addition we conducted simulated predation experiments using a pipet attached to a siphon tube (Singarjah 1969) . Copepods of both species were put in a 1 1 beaker of filtered seawater, and the water with copepods was siphoned down to about 200 ml. The number of copepods remaining was used to determine a conditional capture probability for each species. This is the probability that a copepod in a small volume of water sucked out will not escape being 'captured' by the siphon. It is where N, = number of copepods captured; N, = total number of copepods; VC = volume of water siphoned out; and V, = total volume of water.
Tidal creek sampling. A single test of the predation hypothesis was conducted on 20 March 1985 in a field experiment similar in design to that of Carlson et al. (1984) . The site for this test was Rhyll Inlet, a small tidal creek on Westernport Bay (38" 30' S, 145" 30' E; Fig. 1 ). This creek is nearly empty at low tide and fills up to a distance of 2 km on high tide. We sampled repeatedly at the entrance of the channel and within the creek by oblique tows with a 200 pm mesh, 50 cm diameter conical net equipped with a flow meter. Sampling began when the creek began to fill on the flood tide, and ended when water had ceased flowing out. Duplicate samples were immediately preserved for later counting and identification of plankton in subsamples.
The variable of interest was the rate of consumption (i.e. loss) of each species within the creek. We assumed that a water mass spends equal amounts of time flowing in and out of the creek, and that the clearance rate by predators is constant. The consumption rate in a water mass is the decrease in log abundance from entry to exit, divided by the time from entry to exit. The species abundance in the water entering the creek changes with the rising tide, because of the increasing proportion of oceanic water. For the entire water mass entering the creek, the mean consumption rate for the tidal period is therefore equal to half of the sum of the slopes of log abundance with time on the flood and ebb tides. Note that in the absence of consun~ption, the log abundance on exit is equal to that on entry, and the slopes of abundance over time should sum to zero. The consumption rates of the 2 species calculated as described above were compared by t-test using the pooled standard errors of the slopes.
In addition to plankton samples w e took several samples for planktivorous fish with a beach seine just inside the inlet. Fish collected included yellow-eye mullet, hardyhead, and sandy sprat Hyperlophus vittatus. Contents of entire guts, or of '/z or ' 14 splits of the gut contents, of all planktivorous fish caught were determined and compared with ambient plankton samples taken during the hour before the fish were caught. The paracalanid species Paracalanus indicus and Bestiola similis were counted together in the guts and combined in the plankton samples for determining electivity, because they could not be distinguishedreliably in the guts. a higher proportion of non-living to total pigment, and a lower proportion of chlorophyll collected on a 10 km mesh. The small size of the phytoplankton in WesternEgg production, growth, and development rates port Bay was confirmed by microscopic counts of Living phytoplankton cells. The numerically dominant species
Results of egg production experiments were similar to in Westernport Bay were small flagellates including those for feeding (Table 5) . Usually both species prospecies of Plagioselmis and Pyramimonas, and cryptoduced eggs at a higher rate in Port Phillip water than in monads, mostly smaller that 5 pm. Dinoflagellates and water from Westernport. The egg production rate of diatoms were never common. In Port Phillip Bay, relaParacalanus indicus was usually higher than that of tively large diatoms or dinoflagellates were always Acartia tranteri in a given treatment, and sometimes found. Common genera included Skeletonema, considerably higher. Analysis of variance of log-transChaetoceros, Phaeodactylum, Rhizosolenia, Astenoformed egg production rates showed no significant nella, Leptocylindncus, and Gymnodinium.
interaction term between species and bays (F1,153 = 1.1, p > 0.1). This shows that the 2 species suffered the same proportional reduction in egg production rate in WesFeeding experiments ternport water relative to water from Port Phillip Bay. Growth and development rates of the 2 species were Feeding experiments revealed that Paracalanus indimeasured on 2 occasions (Table 6 ). In both cases the cus could feed on smaller particles than Acartia tranteri growth rate of Paracalanus indicus was substantially (Table3), and at a higher rate. In all 4 experiments higher than that of Acartia tranten, although the A. tranteri either fed on particles in larger size classes development rate of P. indicus was significantly higher than P, indicus, or failed to feed on the smallest sizes on only on 20 June. In neither experiment did final log which P. indicus could feed. In experiments with Isomean weights (and therefore growth and development chrysis as food, A. tranteri fed at a negligible rate on rates) of either species differ significantly between the this small (ca 10 pm length) flagellate.
2 treatments. Feeding experiments using labeled Tetraselmis chui showed the higher clearance rate of Paracalanus indicus compared to that of Acartia tranteri (Table 4) . They Predation also showed no consistent trend for feeding rates to be suppressed in the detritus-rich water of Westernport
The median clearance rate for Acartia tranteri preycompared to either Port Phillip water or filtered seaing on nauplu of Paracalanus indicus was 33ml water. A. tranteri fed at a higher rate in Westernport female-' d-l. Individual experimental rates were 23 t Predation by planktivorous fish, however, showed considerable selectivity. In the first set of experiments, in which both prey species were offered together, the proportion of Acartia tranteri consumed was significantly lower than the proportion of Paracalanus indicus (Tablea). With either fish species as predator, the rate of consumption of P. indicus was slightly more than twice that of A. tranteri. P. indicus is very close to A. tranten in size but is somewhat more visible because of its large yellow oil droplet. However, at least part of the difference in consumption rates was due to a difference in escape responses of the prey In the experiments with the 2 prey offered separately, the predator was successful in capturing A. tranten in 59 O/O of the attacks, and in capturing P. indicus in 81 % of the attacks ( Table 9) . The difference was further attributed P. indicus captured in all tnals was close to that to escape responses by the results of the simulated expected by chance, while A. tranteri was captured at predation experiments (Table 10 ). The number of only half the rate. The conditional capture probabihty, the chance that a copepod will be siphoned off if it Table 8 S u n l m a r~ of ~r e d a t l o n experllllents using fish as encounters the siphon stream, was close to 1 for P.
predators. Two specles of prey offered simultaneously indicus but only 0.32 for A. tranteri. Tidal creek sampling
Species present in the tidal creek sampling effort included the species studied here as well as bay residents including Pseudodiaptomus cornutus, Parvocalanus crassirostris, and Bestiola similis. Total zooplankton abundance rose slightly on the incoming tide, then decreased sharply near the end of the ebb (Fig. 2) . The abundance of Acartia tranten decreased, and that of Paracalanus indicus increased, during the rising tide, since water entering the creek had an increasing contribution from the ocean. On the ebb tide, A. tranteri increased, then decreased In abundance, while the abundance of P. indicus decreased sharply from about l h after slack water. The final abundance of P. indicus was about 50-fold lower than its average abundance on between flood and ebb tides could be attributed to mortality. Mean consumption rates within the creek were highest for adults and copepodites of Paracalanus indicus and lowest for Pseudodiaptomus adults (Table 11) . Mortality rates were significantly higher for adults of P. indicus than for Acartia tranteri ( t = 2.01, 36df, indicus (-----) . The 95 % confidence intervals for the graphed means, shown at the bottom, were determined from the error mean square in an analysis of variance includng log-transformed abundances of both species and the total Table 12 . Acartia and Paracalanidae in fish gut contents and in water. The columns 'Proportion of Acartia' give the ratio of this species to the total of Acartia and Paracalanidae only. Difference between arc-sine transformed proportions of the 2 taxa, excluding guts containing fewer than 10 of the 2 taxa, was significant at p <0.01 (signed-rank test, N = 18, sum of ranks = l?).
Fish examined were hardyhead (HH), yellow-eye mullet (YEM), and sandy sprat (SS) seine sets collected a total of 25 fish of 3 species: Although the reduction in numbers of the zooplankton hardyhead, yellow-eye mullet, and sandy sprat. Gut in the tidal creek'could not be unequivocally attributed to contents of these fish were highly variable, although sandy sprat, collected in only one set, appeared to consume Acartia tranteri in higher proportions than did the other fish (Table 12) . A. trantericomprised 0 to47 O/o of the totalin any one gut, and Paracalanidae comprised 0 to 88 %. However, paracalanid copepods occurred significantly more frequently in the guts than predicted from their abundance in the water relative to A. tranten @ < 0.01, signed rank test).
DISCUSSION

Feeding
The size selectivity experiments showed that Paracalanusindicuscan eat food of a smaller size than Acartia tranteri: although the size ranges overlapped considerably, P. indicus was always better at consuming the smallest particles measured. A similar relationship has been shown for P. parvus and A. tonsa (Bartram 1981) . Given the size distribution of chlorophyll and the relative paucity of large cells in water from Westernport Bay, one would predict that P. indicus would be better than A. tranteri at consuming phytoplankton there.
The radiolabel experiments showed further that neither species had significant difficulty in collecting food from the milieu of detrital particles in water from Westernport. Although the cells used were somewhat larger than most of what is usually found in Westernport water, they were close to the lower size limit of particles on which Acartia tranteri can feed.
A further result of the feeding experiments was that Paracalanus indicus fed at a much higher rate then Acartia tranteri. Mullin & Evans (1974) found that P. parvus turned over food at a higher rate than A. tonsa, although at a somewhat lower efficiency. Interestingly, in their experiment, run in a deep tank without planktivorous fish, P. parvus replaced A. tonsa as the numerical dominant (Mullin & Evans 1974) .
Based on these feedmg experiments alone, Paracalanus indicus should be able to maintain a higher rate of reproduction than Acartia tranteri, even at a lower growth efficiency. If development and mortality rates had been equal, then, P. indicus should have been the numerical dominant in Westernport Bay; thus Hypothesis 1 can b e rejected.
Reproductive and growth rates
Both species of copepod usually had a lower e g g production rate in water from Westernport than in water from Port Phillip Bay. Since the clearance rates were not much affected by the detrital content of the water this implies that, as expected, the food was less abundant or less suitable for copepod reproduction. However, the hypothesized effect did not materialize: the ratios of egg production rates in the 2 bays did not differ between the 2 species. Furthermore, Paracalanus indicus had a higher egg production rate than Acartia tranteri in water from Westernport.
Growth and development rates did not differ between treatments for either species. Since growth rate can respond fairly rapidly to increases in food supply (Kimmerer & McKinnon 1987a) , any substantial reduction in food quality should manifest itself in a reduced growth rate. The lack of difference in growth rate between incubations in Port Phillip water and Westernport water for either species suggests that the reduction in food quality for reproduction by adults may not hold for growth rate of juveniles. The growth rate of Paracalanus indicus was substantially higher than that of Acartia tranteri in both experiments, partly because of a greater weight gain per stage and partly because of more rapid development. The life stages used in these experiments were late copepodites, which develop much more slowly than the earlier stages in Paracalanus but not in Acartia (Landry 1983) . Based on these results we can conclude that P. indicus would have a more rapid development rate from e g g to adult than A. tranteri in Westernport Bay.
Neither the e g g production nor growth rate experiments supported Hypothesis 2 , which was therefore rejected.
Predation by Acartia tranteri Species of Acartia are known to b e omnivorous, preying on early nauplii of their own and other species of copepod as well a s on other microzooplankton (Petipa et al. 1970 , Landry 1978 , Lonsdale et al. 1979 , Fulton 1984a . Predation by Acartia has been implicated in the distribution of a species of prey copepod in an Australian estuary (Rppingale & Hodglun 1974) .
The clearance rate of Acartia tranteri in 3 predation experiments had a median value of 33ml copepod-' d-l, which is similar to results of other predation experiments (Landry 1978 , Lonsdale et al. 1979 , Stoecker & Egloff 1987 ). The effect of this level of predation on the Paracalanus indicus population can b e calculated from data on abundances of these predators in Westernport Bay. The mean density of copepodites and adults of A, trantenin the eastern part of the bay was about 2 1-l, of which about '/4 were adults (Kimmerer & McKinnon 1978b) . The clearance of copepodites of A. clausi was only ' /4 that of adults (Landry 1978) . If w e assume conservatively that the median clearance rate of the population was '/z that of the adults, then the overall clearance rate of the population was about
Early nauplii (Stages l to 3) made up 40 % (median; range 30 to 49 %) of the Paracalanus indicus population on the 3 occasions on which it was determined. Acartia tranteri therefore consumes about 1 % d-' of the entire population, clearly a minor source of mortality. For comparison, the mortality rate of early A, tranteri nauplii was about 16% d-l on average (&mmerer & McKinnon 1987a); since P. indicus n a u p h are about the same size, mortality rates should be comparable. In addition, this analysis does not take into account cannibalism by A. tranteri, which could be considerable (Landry 1978) . We therefore reject Hypothesis3.
Predation by invertebrate predators
As w e have noted before (Kimmerer & McKinnon 1985) , the plankton of Westernport Bay contains few planktivorous species. Furthermore, we have observed no benthic species in the area capable of consuming large numbers of zooplankton. The low mortality rates of Acartia tranteri (Kimmerer & McKinnon 1987a ) also support our claim that the predatory environment in Westernport Bay is fairly benign. We ran experiments using invertebrate predators mainly to attempt to rule out planktonic predators as a significant selective factor. The jellyfish Catostylus mosaicus can prey heavily on copepods but is not particularly abundant, and showed no preference for either prey species. Tortanus barbatus was used as a model predatory copepod that feeds on larger prey than does Acartia ( M u h n 1979); it too showed no preference for one prey species over the other. In the absence of differential predation by these species at least, there is no support for a mechanism involving invertebrate predators.
Predation by fish
In contrast to other predators, small fish showed a substantial difference in the rates of predation on the 2 species of copepod. This difference was consistent in experiments of 2 kinds with 2 species of predator, and supported to some extent by the field experiment. In each case Paracalanus indicus was 'preferred' over Acartia tranteri, generally by a ratio of about 2 : 1. The difference apparently comes in the encounter and attack components of the predatory interaction (Gerritsen & Strickler 1977) . A. tranteri has advantages in both of these phases. Encounter occurs through visual detection of the copepod by the fish; A. tranteri is less visible, at least to the human eye, and is therefore less Likely to be detected (Zaret & Kerfoot 1975) . Once detected, A. tranteri is better able to avoid capture by a sucking planktivore, resulting in a lower success rate (by fish or pipets) in the attack phase.
Similar results were obtained in predation experiments using juvenile yellow-eye mullet fed Acartia tranteri and Pseudodiaptornus cornutus (Fancett & Kimmerer 1985) . P. cornutus is larger and much more visible than A. tranteri, so the difference in those experiments was largely due to differences in visibility.
In the field experiment the overall mortality rate of Paracalanus indicus was roughly twice that of Acartia tranteri during the tidal excursion up the creek. This was probably due to fish predation, although other possibilities cannot be ruled out. No concentration of planktonic predators was observed in any sample, and given the mud bottom and wide, intertidal depth range of the creek, it is unlikely that a benthic predator on adult copepods would be abundant. Mysids are likely suspects, but no mysids were found in any of our 54 samples. Another possibility is stranding of P. indicus on the tidal flats, but we know of no evidence that this could happen. Therefore we conclude by process of elimination that the bulk of the mortality occumng during this period was due to fish predation.
To some extent the gut content data show the expected prey selection, although the large variability in the results makes interpretation difficult. Overall the fish showed a preference for Paracalanus indicus over Acartia tranferi, except possibly for the 3 sandy sprat collected. Of the 3 species collected, only the hardyhead and yellow-eye mullet are known to be common in the bay (Robertson 1980 ). In other studies of feeding by planktivorous fish, A. tranten' has only rarely been consumed. The resident fish of an eelgrass bed consumed mostly Pseudodiaptomus and hardly any A. tranteri (Robertson & Howard 1978) , while 3 species of pipefish contained no copepods identified as A. tranteri (Howard & Koehn 1985) .
The rate of consumption in the tidal creek seems high. We extrapolated the overall mortality rates due to consumption to the entire upper bay, assuming that the rate would be the same in all intertidal areas. The volume of water in these areas is about 11 O/ O of the volume of the upper bay, based on a 2 m tidal range and measurements made on bathymetric charts. Assuming that the mortality rates in Table 11 apply for 12h per day, Acartia tranteri copepodites and adults should have a mortality rate due to loss in shallow waters of about 27 % d-l, while Paracalanus indicus copepodites should have a mortality rate of 54 % d-' and adults 70 % d-l. The median mortality rate of A. tranteri adults in summer was 19% d-l, and for copepodites, 5 % d-' (Kimmerer & McKinnon 1987a) . Therefore it is probably not true that predation rates in all intertidal areas are the same as those observed in tidal channels. Much of the intertidal area is in the broad expanses of mud flat in the northern part of the bay, where predation rates are probably much less than in small, dynamic areas such as this channel.
The evidence we have provided is circumstantial: the mortality rates in the creek could not be attributed unequivocally to fish predation, and we have no data on predation rates or abundances of fish. Nevertheless, the results are consistent with the hypothesis that predation by visually selective planktivores provides enough differential mortality to explain the overwhelming dominance of Acar-tia tranteri over Paracalanus indicus in Westernport Bay. This suggestion complements the recent findings of Paffenhofer & Stearns (1988) on the relative abundance of these 2 genera in offshore waters: Paracalanus sp. can obtain sufficient food at the low food concentrations found in offshore waters, while Acartia tonsa cannot.
Other species may be excluded from Westernport Bay by a different mechanism. Several species of Cladocera are abundant in Bass Strait but virtually absent even in the entrance channel of the Bay (Kimmerer & McIOnnon 1985) . The distribution of these species suggests that, unlike Paracalanus indicus, they are excluded by a mechanism occurring offshore, such as in the zone where bay and nentic waters mix. Podon intermedius and probably the other species of Podon and Evadne feed entirely on large particles (Jagger et al. 1988) , which may be too rare in Westernport Bay for these species to maintain their populations.
Influence of predation
Several common features of shallow-water plankton are believed to be a defense against visual or sizeselective predators, implying that visual predation IS important in shallow waters. These include small size (e.g. Oithona species, Parvocalan us crassirostris; Fulton 1984a), demersal behavior (e.g. Pseudodiaptomus sp.; Vuorinen et al. 1983 , Fancett & IOmmerer 1985 , Fulton 1985 , and isochronal development in Acartia species, which may be a mechanism for delaying growth to large size in an environment of high visual predation pressure (Miller et al. 1977) . In offshore waters, predators tend less often to b e visually selective planktivores and more often to include fish having nonvisual mechanisms of prey selection (Leong & O'Connell 1969 , Durbin & Durbin 1975 ). Fulton (1984b) found that Acartia tonsa, numerically dominant in an estuary by virtue of its high growth rate, was prevented from achieving this dominance in summer by fish predation. The apparent discrepancy between Fulton's (1984b) results and our own can readily be resolved. Fulton's experiments compared predation rates on Acartia tonsa, Parvocalanus crassirostns, and other resident fauna, but did not include nonresident species from the neritic zone. Thus the questions being asked were different in the 2 studies.
The observed distribution of plankton species in Westernport Bay is typical of temperate bays, where a specles of Acartia is often numerically dominant or codominant, and nerltic species are excluded. This occurs both in bays of low productivity such as Westernport, and in high-productivity locations (e.g. Jakle's Lagoon; Landry 1978) . Any general explanation of this pattern must account for its ubiquity.
We offer the following general hypothesis about the influence of predation on bay zooplankton. Shallow water provides shelter for small planktivorous fish, increasing their abundance per unit volume (Robertson 1980) . Therefore visually oriented predation is more common relative to other modes of predation in shallow water than in deep water. The effect of this is to favor those species that can maintain a high growth rate while at the same time avoiding much of the predation. This applies irrespective of the nutrihve status of the water, since the mechanism is more related to mean depth than any other feature of bays.
